The concept and terminology of borderline epithelial tumors of the ovary have been controversial for over a century, in spite of the acceptance of a borderline category in almost all current classifications of ovarian tumors. Typically, borderline tumors are noninvasive neoplasms that have nuclear abnormalities and mitotic activity intermediate between benign and malignant tumors of similar cell type. Borderline tumors of all surface epithelial cell types have been studied. The most common and best understood are serous borderline tumors and mucinous borderline tumors of intestinal type, which are the subject of this review. Some of the most challenging issues for serous tumors include: the criteria and clinical behavior of stromal microinvasion; the high prevalence of synchronous extraovarian disease; the classification and histopathologic features of associated peritoneal tumor implants, especially invasive implants; and, the prognostic significance of micropapillary tumors. The mucinous borderline tumors of intestinal type have a different set of considerations, including: their frequently heterogeneous composition with coexisting benign, borderline and malignant elements; the classification and significance of accompanying noninvasive carcinoma; the recognition of stromal invasion, including microinvasion and expansile invasion; and, the historically misunderstood relationship to pseudomyxoma peritonei. All of these issues are discussed in this presentation, as are the important gross and microscopic features of serous and mucinous borderline tumors and pertinent information on their treatment and prognosis. Modern Pathology (2005) 18, S33-S50.
The concept of borderline epithelial tumors of the ovary has faced controversy for over a century. In 1898, Hermann Johannes Pfannenstiel illustrated and described papillary ovarian cystadenomas with 'clinical features that stand on the border of malignancy'. 1 Similarly, Carl Abel in 1901 described proliferating papillary cystadenomas 'on the border line (sic) between benign and malignant growths'. 2 Howard Taylor introduced the term 'semi-malignant' tumor in 1929 3 and with his colleague Munnell delineated a 'borderline' category for a subset of serous cystadenocarcinomas in their historically important report on the clinical behavior of ovarian cancers. 4 The features of mucinous borderline tumors were probably first documented in a study from the Cleveland Clinic in 1955. 5 Numerous other adjectives appeared in the literature in the ensuing years to describe proliferative ovarian epithelial tumors that appeared to be 'intermediate' in their clinicopathologic features between clearly benign cystadenomas and unquestionably malignant cystadenocarcinomas. In 1961, the Cancer Committee of the International Federation of Gynecology and Obstetrics (FIGO) proposed a classification of common primary epithelial ovarian tumors which was adopted in 1970 and became effective on January 1, 1971. 6 In the FIGO classification, the common primary epithelial tumors were subdivided into three groups: benign cystadenoma; cystadenoma with proliferating activity of the epithelial cells and nuclear abnormalities, but with no infiltrative destructive growth (low potential malignancy); and, cystadenocarcinoma. combined classification of the International Society of Gynecologic Pathologists and the WHO. 13 In spite of the imprimatur of several international organizations, the concept of borderline ovarian epithelial tumors was not universally accepted. The vanguard of proponents was led by pathologists and gynecologists in Scandinavia, 8, 10, 11, 14 and a few in the United States 9, [15] [16] [17] [18] [19] and Australia. 20, 21 Some pathologists in leading academic medical centers refused to incorporate borderline tumor into their diagnostic nomenclature, routinely diagnosing most serous and mucinous borderline tumors as welldifferentiated cystadenocarcinoma until quite late in the 20th century. For instance, a recent review of early-stage ovarian carcinomas from 1980 through 2000 at a leading cancer center resulted in reclassification of 29% of the cases as borderline tumors. 22 As a result, patients with Stage I borderline tumors often received adjuvant chemotherapy or radiation therapy, sometimes resulting in death due to therapy rather than the tumor.
In the past 10 years, 'atypical proliferating (or atypical proliferative) tumor' has been championed as an alternative designation for borderline tumor. 23 Arguments for and against this term have been presented in the literature and the polemics will not be detailed here. Suffice it to say, the concept and terminology for borderline tumors continues to be challenged. Because 'borderline tumor' is the term used in the recently published 2003 WHO classification 24 and seems to be the most popular among gynecologic pathologists and gynecologic oncologists, it will be used throughout this discussion.
The absence of obvious stromal invasion is a principal diagnostic criterion for borderline tumors. Identification of stromal invasion is relatively straightforward for the intracystic papillary proliferations, typical of borderline serous tumors, but is a particularly vexing problem in predominantly glandular tumors, such as those of endometrioid and mucinous types. In the latter, complex aggregates of glands and cysts often have little intervening ovarian stroma. In addition, one or more foci of stromal microinvasion by cells with the same borderline cytologic features may be found in otherwise typical serous and mucinous borderline tumors. Size limits of 3 mm in maximum dimension with an area not to exceed 10 mm 2 are commonly used, [25] [26] [27] although some investigators include foci up to 5 mm. 28 However, the maximum size has not been scientifically validated, nor has the number of allowable foci. As discussed below, we and others believe borderline tumors with stromal microinvasion should be distinguished from small foci of invasive serous or mucinous carcinoma arising in a borderline tumor. 26, 29 While the original WHO classification required that borderline tumors display only an intermediate degree of cellular proliferation and nuclear abnormalities less than those of unquestionable carcinoma, a wide spectrum of atypicality may be found.
Architectural and cytologic patterns of noninvasive carcinoma may be found within otherwise typical borderline tumors, especially in the mucinous category. These include pronounced degrees of cellular stratification, often with the formation of intraglandular bridges, cribriform patterns and micropapillae devoid of connective tissue cores in which the neoplastic cells have high-grade (moderate-to-severe) nuclear atypia. 9, 15 Such changes have also been referred to as 'intraglandular carcinoma' 29 and 'intraepithelial carcinoma'. 13 Of course, areas of unequivocally infiltrative carcinoma may also be found within a borderline tumor.
Borderline tumors of every surface epithelial cell type (serous, mucinous, endometrioid, clear cell, transitional cell and mixed epithelial cell) have now been reported. However, the serous and mucinous borderline tumors are the most common by far, and those about which we have the most meaningful clinical and pathological data. Thus, only these types will be considered here.
Borderline serous tumors
Borderline tumors of serous type have been extensively investigated over many generations by expert pathologists and gynecologists throughout the world. About 9-15% of all serous neoplasms are of borderline type. 16, 20 Patients tend to be relatively youthful with a mean age of 38 years (range, . 30 According to the FIGO staging system, 27 68% are Stage I, 11% Stage II, 21% Stage III and less than 1% Stage IV. Bilateral ovarian tumors are found in 40% of cases. 31 Grossly, most are cystic and papillary and may not be distinguishable from papillary serous cystadenocarcinomas or markedly papillary cystadenomas (Figure 1 ). In our series of 98 patients, tumor size ranged from 2 to 25 cm, with a mean of 10 cm. 31 Papillary excrescences on the external cortical surface occur in 48% of all patients and in 27% of those with Stage I tumors ( Figure 2 ). 31 Documentation of a surface component or rupture is important for accurate staging. Stage I tumors with either of these findings are placed in Stage Ic. 27 Ovarian surface growth in borderline tumors does not result from invasion though the cortex but represents direct origin from surface epithelium. In almost 10% of cases, the entire lesion is an exophytic papillary surface borderline tumor unassociated with internal cysts or with only a minor cystic component. 31 These must be distinguished from true papillary mesotheliomas of the peritoneum and ovary. 32 The least frequent variant of serous borderline tumor is a predominantly solid adenofibromatous or cystadenofibromatous borderline tumor. 33 Histologically, typical borderline serous tumors are noninvasive proliferative neoplasms characterized by multiple fibrous papillae with extensive and complex hierarchical branching (Figure 3) . The epithelial cells covering the papillae are crowded and form multilayered cellular tufts (Figure 4 ). Detachment and exfoliation of cells from the papillae are characteristic. Some of the exfoliated cells are eosinophilic and have a rounded shape. Many of the epithelial cells covering the papillae are ciliated. Cells with eosinophilic cytoplasm may be especially prominent in pregnant patients. The epithelial cells generally show only mild-to-moderate nuclear atypia. A few tumors have focal severe atypia, often in cells of eosinophilic type, which only rarely qualify for the designation of intraepithelial carcinoma. 16, 34 Mitotic figures may be absent or found in very small numbers. Only about 5% of tumors have more than four mitotic figures per 10 high-power fields. 16, 34 Abnormal mitotic figures are not usually observed. 34 Most tumors have been diploid, including all 18 cases in which flow cytometry analysis was performed on fresh tumor samples. 35 Psammoma bodies are most often found in foci of stromal microinvasion and in clusters of exfoliated cells in the cyst fluid, within the lumen of the adjacent fallopian tube and in peritoneal tumor implants.
Micropapillary Variant
A small minority of tumors have an unusually prominent micropapillary histologic pattern (Figures 5-7) , usually in conjunction with an otherwise typical borderline tumor, but occasionally alone. 36, 37 Less than 6% of nonconsultation hospital cases of serous borderline tumors in one large series 38 and 12-18% in other series 39 were of the micropapillary type. It is generally agreed that micropapillary tumors, when compared to typical borderline tumors, are more often bilateral, have a higher frequency of exophytic surface tumor and a greater proportion are of advanced stage. Histologically, the micropapillary variant is characterized by an exuberant cellular proliferation that emanates from the surfaces of fibrous papillae, without a hierarchical branching pattern ( Figure 5 ) or directly from cyst walls. The proliferating cells form long, delicate projections with a complex filigree pattern ( Figure  6 ) or thick cribriform formations ( Figure 7) . 36, 37 It has been proposed that the papillae should be at least 5 times as long as wide. 40 A continuous 5 mm micropapillary or cribriform growth pattern in a single slide is generally required for the diagnosis of micropapillary serous borderline tumor. 36, 37 Highgrade nuclear atypia is absent. This latter feature is important, since widespread high-grade atypia indicates the tumor is a conventional papillary serous carcinoma and not a micropapillary or typical borderline tumor (Figure 8 ). Some highgrade ovarian carcinomas, especially surface serous carcinomas, are not accompanied by obvious invasion of the stroma. 41 
Stromal Microinvasion
Isolated foci of microinvasion are found in about 10% of serous borderline tumors. 30, 42, 43 Utilizing immunostaining for epithelial markers, microinvasion has been detected in 13% of cases. 44 Tumors in pregnant patients apparently have an especially high frequency of stromal microinvasion, occurring in 80% of 10 pregnant patients in one series. 45 Microinvasive foci usually consist of individual cells or small clusters of cells, often with eosinophilic cytoplasm, within the stroma of the papillary projections or cyst wall ( Figure 9 ). Small confluent nests or aggregates of papillae in the stroma are less often seen. Clear zones or clefts often surround the microinvasive foci. Lymphatic invasion may also be found. The term 'serous borderline tumor with stromal microinvasion,' rather than invasive serous carcinoma, is appropriately applied when the size of the invasive lesions conform to the dimensions listed earlier in this discussion. It is important to recognize that even predominantly cystic tumors have a minor stromal component. Orderly penetration of this indigenous stroma by epithelial evaginations, tubular structures or microcysts with papillae are common. 27 Usually, the surrounding stroma appears undisturbed, but sometimes it is edematous or has a slightly 'reactive' appearance that may be misconstrued as an early desmoplastic reaction to invasive tumor.
Occasional microinvasive tumors have recurred, 38, 46 and a nonsignificant higher frequency of advanced-stage microinvasive tumors was reported in one recent study. 38 The clinical behavior of tumors with or without stromal microinvasion, whether typical or micropapillary, probably does not significantly differ when stage and peritoneal implant type (invasive or non-invasive) are comparable. 30, 38, 40, 42, 43 A few patients with stage I microinvasive tumors have developed progressive disease and microinvasion may be a risk factor for patients with high-stage disease. 47 In some borderline serous tumors, especially those with a micropapillary pattern, areas of low-grade or high-grade invasive serous carcinoma are present. With this in mind, rigorous sampling is necessary for all serous borderline tumors, particularly those with any unusual feature.
Peritoneal Implants
Serous borderline tumors have a disconcertingly high frequency of extraovarian disease. Peritoneal implants on serosal and omental surfaces are found at the time of initial operation in 20-46% of patients. 30 There is a very high correlation between exophytic tumor on the ovarian surface and synchronous implants. Almost two-thirds of patients whose ovarian tumor has an exophytic surface component have implants, and 94% of patients with implants have an exophytic surface component on their ovarian tumor. 31 Thus, an ovarian exophytic component is a strong marker for synchronous extraovarian peritoneal disease ( Figure 2 ).
For about 15 years, peritoneal implants have been classified into invasive and noninvasive categories with noninvasive implants subclassified as epithelial, desmoplastic or both. 48 Desmoplastic implants may also involve the surface of the ovary and the walls of cysts where they may bridge adjacent papillary processes. Such 'autoimplants' must be distinguished from true stromal invasion in ovarian serous carcinomas. 49 From 83 to 96% of peritoneal implants are noninvasive. Correlations between prognosis and the microscopic features of peritoneal and omental implants have been demonstrated. In the original study defining the types of peritoneal implants, three microscopic features correlated with an adverse prognosis: invasive growth, severe cytologic atypia and the presence of mitotic activity. 48 In addition, residual postoperative tumor as assessed by the surgeon was an adverse finding, and those implants with marked nuclear atypia seemed to be more aggressive. In subsequent studies, mitotic activity has not proven to be a significant predictor of recurrence or death. 50 It is important to emphasize that invasive implants are commonly found together with noninvasive implants. Hence, surgeons should be encouraged to biopsy as many implants as possible, and pathologists must liberally sample omentectomy specimens in search of invasive implants.
Noninvasive implants typically are plastered on the peritoneal surface ( Figures 10 and 11 ). The recognition of invasion in desmoplastic implants may be problematic, especially in small biopsies. Underlying tissue is absent in about 25% of biopsies of implants. 51 Its absence generally indicates the implant was easily stripped away and thus was noninvasive. 40 In the omentum, desmoplastic implants may produce fibrous adhesions between fat lobules, causing difficulty in determining whether actual invasion has occurred ( Figure 12 ). Generally, desmoplastic noninvasive implants consist predominantly of cellular fibrous or granulation-like tissue in which are imbedded small tumor nests, papillae or even single cells with abundant eosinophilic cytoplasm ( Figure 13 ). The neoplastic elements may be inconspicuous at low magnification. They often, but not always, seem to blend in with the connective tissue and some cells may resemble mesothelial cells. Invasive implants generally also are desmoplastic. In contrast to noninvasive implants, invasive implants engulf and/or replace omental adipose tissue ( Figure 14) . Sometimes tumor may be seen infiltrating between individual fat cells. The invasive desmoplastic implants usually have a greater proportion of proliferating neoplastic epithelial cells that often produce complex glandular, micropapillary and cribriform patterns ( Figure 15 ). In some cases, the diagnosis of invasive implants inevitably requires an element of subjectivity.
To complicate matters further, some investigators have used different diagnostic criteria to determine invasion in implants. 51, 52 The presence of single cells or small groups of cells resembling those seen in stromal microinvasion in ovarian borderline tumors has been used as a feature of 'early invasion', 52 but such cells are commonly found in desmoplastic implants, have not correlated with prognosis and are not generally regarded as an indicator of invasion. 51 Recently, the importance of diagnosing implants as invasive or noninvasive was challenged and new histologic features for implant classification advocated. 51 In one study, the authors concluded that those implants that either had a By this expanded definition, 45% of the implants in that study were classified as invasive. It must be noted that 90% of the cases were seen in consultation and almost half of the ovarian tumors were of the micropapillary type. In addition, the authors proposed that the term 'invasive implant' was inaccurate and misleading and should be replaced by 'well-differentiated serous carcinoma' or 'metastatic micropapillary serous carcinoma' when associated with an ovarian micropapillary tumor. At present, this approach is highly controversial and has not been accepted by most gynecologic pathologists.
When the original, more restrictive criteria are used, invasive implants are very uncommon, occurring in only 4-13% of patients with high-stage disease. 30, 38, 48, 50 In a recent study of advanced-stage borderline serous tumors from a population of more than 4 million people in British Columbia, only six patients (12%) with invasive implants were found over a 17-year period. 50 In a large series of 99 patients with advanced disease at diagnosis, 6% of 81 typical borderline tumors and 17% of 18 micropapillary/cribriform borderline tumors had invasive implants. 39 Invasive implants may have histologic features of either borderline tumor or lowgrade serous carcinoma. 38, 53, 54 In one study, those with features of low-grade serous carcinoma had a worse prognosis than those with borderline histology. 54 It cannot be overemphasized that typical ovarian serous carcinomas, as well as serous borderline tumors, may have peritoneal and omental metastases with noninvasive epithelial and desmoplastic growth patterns.
Source of Peritoneal Implants
It is controversial whether the neoplastic extraovarian lesions associated with borderline serous tumors are implants from the ovarian tumor or arise independently from the peritoneum in a multicentric fashion. There is considerable evidence for the implantation theory. As mentioned earlier, most high-stage tumors have exophytic growth on the ovarian surface, a finding that is a strong marker for synchronous peritoneal implants. 31 Fragments of ovarian exophytic tumor often undergo torsion and partial infarction. Not infrequently, they may become detached from the ovary and embedded in the cul-de-sac or on serosal surfaces where surviving epithelium continues to proliferate. It is also common to see clusters of tumor cells in the lumen of the adjacent fallopian tube, so we know that exfoliated tumor cells can be transported from ovarian surface tumor into the peritoneal cavity. However, the peritoneal, omental and serosal lesions often are associated with endosalpingiosis, leading to a theory that some 'implants' actually arise in situ from endosalpingiosis. While endosalpingiosis is generally regarded as a benign metaplastic lesion, it has recently been postulated that some examples of endosalpingiosis associated with implants actually are highly differentiated neoplastic implants, rather than precursor benign lesions. 38, 55 Borderline tumors also occasionally originate in the peritoneum in the absence of an ovarian tumor. 56, 57 These primary peritoneal borderline serous tumors are histologically indistinguishable from noninvasive implants associated with ovarian borderline tumors. Thus, it is likely that extraovarian tumor develops as peritoneal implants from an ovarian tumor in some cases and as multicentric peritoneal lesions in other cases. 31 Molecular genetic studies have shown supportive evidence for both mechanisms.
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Lymph Nodal Metastasis
Para-aortic and pelvic lymph node involvement is found in 7-23% of cases with node sampling at the time of surgery, and a few patients develop postoperative distant disease in cervical and scalene lymph nodes. 53, [61] [62] [63] [64] [65] Small clusters of tumor cells within the subcapsular sinuses or within the substance of the node probably are true embolic metastases of the tumor (Figure 16 ). They must be distinguished from mesothelial cells. 66 In contrast, tumor closely associated with nodal endosalpingiosis in the fibrous capsule and trabecula may represent multicentric tumors originating in the lymph nodes, rather than true metastases ( Figure  17 ). Synchronous lymph node involvement found during staging procedures generally is of microscopic dimension and prognosis does not seem to be adversely affected. In contrast, delayed nodal metastases tend to more extensively replace the nodes and may represent more aggressive disease, especially when located outside the abdominal cavity. 61 
Prognosis
Prognosis is excellent for patients with limited extent of tumor and surprisingly good even for those with extensive peritoneal disease. Only a very small number of documented patients with Stage I disease have developed progressive disease, usually in the form of low-grade serous carcinoma within the peritoneal cavity or occasionally in extra-abdominopelvic sites. The survival rate for patients with Stage I tumors ranges from 95 to 100%. 38, 53, 54, [67] [68] [69] Long-term follow-up, however, is required for an accurate determination of recurrence rates. For instance, in a report of 160 Stage I tumors, 11 patients (6.8%) developed recurrent tumor, often after prolonged postoperative intervals of 7-39 years (mean, 16 years), and eight were fatal. 54 Unresected peritoneal implants of borderline serous tumors often remain dormant, and some have apparently undergone spontaneous regression. Morbidity may result from adhesions and recurrent intestinal obstruction caused by peritoneal implants and/or their treatment. As noted earlier, some patients have died as a result of postoperative radiation or chemotherapy. Recurrent tumor may develop after latent intervals as long as 20-50 years. Some of these may be due to new tumors arising from the peritoneum or from endosalpingiosis.
Almost all deaths due to tumor occur in patients with high-stage disease. In a study of 174 cases treated at the Norwegian Radium Hospital from 1970 to 1982, only six patients (3%) died of disease. 67 The 15-year corrected survival was 100% for 148 Stage I tumors and exceeded 95% for all cases, although survival fell to 77% for 13 Stage II tumors and 64% for 13 Stage III tumors. 67 In a series of 99 high-stage cases, 17% of patients died of disease, some after very prolonged intervals. 39 A recent tabulation of seven series found mortality rates of 6% for 72 patients with Stage II disease and 19% for 159 patients with Stage III disease. 50 The mortality rate for Stage III tumors in multiple reported series ranges from 6 to 36%. 30, 38, 39, 48, 50, 67 While most fatal cases occur in patients with invasive peritoneal implants, this is not invariable, as progressive disease and death does occasionally follow noninvasive implants. 30, 39, 50 The prognostic significance of the micropapillary variant has been hotly contested. One group of investigators believes that it signifies a more aggressive tumor that should be diagnosed as a micropapillary serous carcinoma, even in the absence of stromal invasion. 36, 37, 70 The proponents of this viewpoint regard the micropapillary lesion as a specific type of low-grade serous carcinoma that develops in a stepwise fashion from typical borderline tumors and has preinvasive and invasive stages. According to this theory, it is the micropapillary tumor that gives rise to progressive peritoneal metastases, not the typical borderline tumor. They have presented morphologic, molecular genetic, cytogenetic and clinical data in support of their argument. 71, 72 In some studies, but not in others, micropapillary tumors have a greater tendency to be associated with invasive peritoneal implants and to have shorter disease-free intervals when they recur than typical serous borderline tumors. [37] [38] [39] [40] 73 Yet, some investigators have not found the overall survival rates for micropapillary tumors to be significantly different from those of typical borderline tumors of comparable stage and type of peritoneal implant. 38, 39 Moreover, some typical serous borderline tumors without a micropapillary component are associated with progressive disease. The debate will undoubtedly continue. At this time, most gynecologic pathologists continue to classify Borderline ovarian tumors WR Hart noninvasive (and microinvasive) micropapillary serous tumors with cytologic borderline features as a morphologic variant of serous borderline tumor, rather than as low-grade micropapillary serous carcinoma. [38] [39] [40] 50, 73, 74 Regardless of terminology, it is especially important to perform thorough microscopic sampling in all micropapillary tumors to be certain that areas of invasive serous carcinoma are absent.
Treatment
Because of the highly favorable prognosis for patients with serous borderline tumors, treatment has increasingly become more conservative. Complete surgical staging is of great importance. Stage I tumors are usually treated by surgery alone with long-term follow-up to detect late recurrences. Conservation of fertility is often an issue in view of the relatively young age of many patients. About 15% of patients with Stage Ia tumors treated by unilateral salpingo-oophorectomy develop a second primary borderline tumor in the preserved contralateral ovary. 30, 34 Ovarian cystectomy without oophorectomy is done for selected patients with Stage I lesions if the tumor is loosely attached and complete removal can be accomplished. 75 The approach to high-stage disease is less uniform. Generally, surgical debulking of tumor with thorough microscopic examination of implants to detect invasion is done. In the absence of invasive implants, watchful expectancy is practiced in many medical centers. Adjuvant chemotherapy is often reserved for those patients with invasive implants, bulky unresectable residual tumor or clinically progressive disease. The routine use of adjuvant therapy for patients with high-stage disease seems to be decreasing.
Borderline mucinous tumors
The first comprehensive report on mucinous borderline tumors appeared in 1973, just prior to the publication of the WHO classification. 9 Borderline mucinous tumors are less common than serous borderline tumors in most reports by 20% to over 100%, but in Japan serous and mucinous borderline tumors are equally prevalent. 27 In 1988, two basic types of borderline mucinous tumors were delineated: the intestinal type and the endocervical-like (Mullerian) type. 76 The endocervical-like type is clinically and pathologically closely related to serous borderline tumors with which it is often mixed (also known as seromucinous borderline tumor and Mullerian borderline mucinous tumor). It accounts for only 5-14% of borderline mucinous tumors 25 and has little in common with intestinaltype mucinous tumors. The pure and mixed endocervical-like borderline mucinous tumors have a high association with endometriosis which is the site of origin of the tumors in some instances. The intestinal type is much more common and is the prototypical mucinous borderline tumor. In this discussion, only borderline tumors of the intestinal type will be reviewed.
Mucinous Borderline Tumors of Intestinal Type
Mucinous borderline tumors of intestinal type far outnumber primary invasive mucinous carcinomas. They occur over a very wide age range (9-70 years), with a mean age of 35 years (comparable to that for borderline serous tumors). 9 Typically, they produce large multicystic masses (mean diameter, 17 cm) with smooth outer surfaces that may resemble benign mucinous cystadenomas (Figure 18 ). 9 Over 90% are unilateral. This is an important statistic, because bilaterality of a mucinous tumor should always suggest the possibility of a metastatic tumor to the ovaries from the appendix or other gastrointestinal sites, the pancreas or the endocervix, rather than a primary ovarian neoplasm.
The ovarian surface and the cyst linings of borderline mucinous tumors are generally smooth. However, some cysts have a thickened, velvety appearance, and a few have grossly visible papillae. Prominent intracystic and exophytic papillary structures, as are commonly seen in serous and endocervical-like borderline tumors, typically are absent. Solid areas and firm nodules may be seen, usually due to closely packed small cysts tensely filled with mucin or sometimes due to a minor adenofibromatous component. However, such areas must be carefully sampled to rule out invasive tumor, including mural nodules of anaplastic carcinoma or sarcoma. One of the most important aspects of mucinous tumors is their heterogeneous composition. Borderline tumors often contain areas of cystadenoma and noninvasive carcinoma, and Figure 18 Opened mucinous cystic borderline tumor of intestinal type. Smooth walled cysts are filled with mucin. Grossly, the tumor cannot be reliably distinguished from a mucinous cystadenoma.
occult areas of invasive carcinoma also may coexist ( Figure 19 ). Hence, adequate sampling of mucinous tumors is especially important. As a general rule, a block of tissue for each 1-2 cm of the tumor's maximal dimension should be taken to exclude invasive carcinoma. 9 Tumors with high-grade epithelium or questionable invasion may require even more thorough sampling. Because of the large size of most borderline mucinous tumors, even extensive sampling may fail to detect a component of invasive carcinoma on rare occasions.
Histologically, mucinous borderline tumors typically are composed of multiple cysts and glands of various sizes. Small daughter cysts and glandular outpouchings often produce a complex, but generally orderly, pattern (Figure 20) . A filigree pattern of intraluminal short papillary infoldings is common (Figure 21 ). The glands and cysts are lined by a mixture of cell types, including endocervical-, gastric-and goblet-type mucinous cells (Figure 22 ).
Neuroendocrine cells may also be seen. The epithelial cells lining the glands and cysts generally are stratified into no more than two or three layers and have slight-to-moderate nuclear atypia. 9 The papillary infoldings typically have thin central stromal cores (Figure 23 ). Mitotic figures may be easily found. Tangential sections of glands may simulate a pattern of intraglandular bridging or cribriforming, but the presence of a delicate stromal network surrounding each glandular unit indicates the cribriform-like pattern is artefactual (Figure 24 ). 9 Tangential sectioning also produces pseudostratification of epithelial cells. Areas of necrosis and acute inflammation, sometimes of large size, are not uncommon.
For an otherwise typical mucinous cystadenoma to be diagnosed as a borderline tumor, more than minor foci of atypia should be found. The lower limit of atypia for classification as a borderline tumor is, of course, impossible to state with Figure 19 Gross appearance of an opened multicystic mucinous tumor with a heterogeneous composition. Histologically, most of the tumor consisted of borderline tumor with areas of noninvasive carcinoma. The discrete 3 cm solid nodule at the right (arrow) contained extensively invasive carcinoma. certainty. In one study, low-grade atypia had to involve more than a few high-magnification fields or at least 1% of the sectional area of the tumor to qualify for a diagnosis of borderline tumor; otherwise, the tumor was classified as a mucinous cystadenoma with focal low-grade atypia. 77 In practice, most gynecologic pathologists probably allow up to 5%, provided the tumor has been wellsampled and the nuclear atypia is qualitatively, as well as quantitatively, of minor degree.
Tumors with Stromal Microinvasion
In up to 9% of borderline mucinous tumors, one or multiple tiny foci of stromal invasion may be present (Figures 25-27) . 25, 26, 29, 78 The size criteria commonly used for a diagnosis of stromal micro- invasion were previously detailed in this article. In most cases, individual microinvasive foci in mucinous tumors are less than 1 or 2 mm. 29, 78 The tumor in the microinvasive foci may have several patterns, including: isolated tiny cellular clusters or individual cells surrounded by a clear space ( Figure 25) ; small irregular glands, often with jagged contours, accompanied by a reactive stroma of edema, fibroblastic cells and a variable mononuclear inflammatory cell infiltrate ( Figures 26 and 27) ; and, strips or nests of epithelium within a small amount of mucin ( Figure 28 ). The latter pattern is difficult, if not impossible in some instances, to distinguish from extruded borderline epithelium from a nearby ruptured gland, especially when accompanied by a mucin granuloma. 29, 79, 80 In one study, small foci of confluent glandular or cribriform growth within the stroma were also diagnosed as microinvasion. 28 When uncertainty exists, a diagnosis of microinvasion should not be made.
We attempt to distinguish microinvasion of borderline epithelium from microinvasive carcinoma. 29 In the former, the microinvasive tumor cells in the stroma and the epithelium lining the adjacent glands consist of borderline-type epithelium with low-grade nuclear atypia (Figures 27 and 28) . In contrast, microinvasive carcinoma has the histologic features of a diminutive invasive carcinoma. The invasive tumor cells have high-grade nuclear atypia, as do the adjacent glands from which they are believed to originate (Figures 25 and 26) . 25, 29 Most examples of stromal microinvasion have features of microinvasive carcinoma. 29, 79 While some investigators agree with this approach, 26 others use the terms microinvasive carcinoma and microinvasive borderline tumor synonymously. 28 
Pseudomyxoma Peritonei
While pseudomyxoma peritonei was historically thought to be the characteristic pattern of spread of ovarian borderline mucinous tumors of intestinal type, especially those that were ruptured, 20, 76 it is now generally agreed that this sequence of events rarely occurs. In the largest series of ruptured Stage I borderline mucinous neoplasms, none was followed by pseudomyxoma peritonei (or discrete metastases) during postoperative intervals of 3-19 years. 9 In another large study, one patient with a ruptured Stage Ia borderline tumor with intraepithelial carcinoma died of metastatic tumor, but did not have pseudomyxoma peritonei. 25 The preponderance of evidence indicates that pseudomyxoma peritonei almost always results from intraperitoneal spread of a nonovarian adenomatous mucinous neoplasm, most often a ruptured or leaking primary appendiceal mucinous tumor with microscopic features of an adenoma, cystadenoma or villous adenoma or low-grade mucinous neoplasm ( Figure 29) . [81] [82] [83] [84] Synchronous cystic ovarian mucinous tumors with gross and microscopic features suggesting a borderline tumor often are found and may dominate the surgical findings ( Figure 30 ). They usually are discovered intraoperatively before the appendiceal tumor is detected. These ovarian tumors develop secondarily following incorporation into the ovarian parenchyma of peritoneal mucin and neoplastic epithelium deposited on their cortical surfaces. 81, 82 They are often bilateral or right-sided, have prominent surface deposits of pseudomyxoma peritonei and contain abundant extracellular mucin dissecting through the ovarian stroma together with mucinous epithelial cysts lined by benign and borderline epithelium with goblet cells ('pseudomyxoma ovarii') ( Figure  31 ). Mucin gene overexpression studies, cytokeratin profiles and molecular genetic studies support the conclusion that the appendiceal tumor is the source of pseudomyxoma peritonei and the synchronous ovarian tumors. 85 Rarely, origin of pseudomyxoma peritonei is attributable to an ovarian borderline mucinous tumor associated with a mature teratoma. 25, 86, 87 Tumors with Noninvasive Carcinoma
Small or large areas of noninvasive mucinous carcinoma occur in about 15-55% of otherwise typical borderline mucinous tumors. 9, 25, 26 They consist of smoothly contoured glands lined by cells with high-grade nuclear atypia. Often, but not always, the involved glands or cysts show prominent crowding and multilayering of cells, intraluminal micropapillae devoid of central stromal cores, intraglandular bridges or true cribriform structures (Figures 32 and 33) . 9, 29 Recently, the terms 'intraglandular carcinoma' and 'intraepithelial carcinoma' have been proposed as alternative designations to noninvasive carcinoma. 27, 29 Fortunately, the approach advocated by some of not diagnosing noninvasive carcinoma within a mucinous borderline tumor has largely been abandoned. 21, 23 When noninvasive carcinoma is focal or confined to a few widely spaced and clearly noninfiltrative glands or cysts, diagnosis is not a problem ( Figure  34 ). More problematic are those tumors in which multiple closely approximated glands lined by histologically malignant epithelium are separated by only thin strands of unaltered ovarian stroma ( Figure 35 ). In these situations, the distinction between extensive noninvasive carcinoma and adenocarcinoma with an orderly pattern of invasion becomes problematic with low interobserver repro- Figure 30 Large secondary multicystic mucinous tumor grossly simulating a primary ovarian mucinous tumor resulted from pseudomyxoma peritonei caused by the ruptured primary appendiceal mucinous cystadenoma seen in Figure 29 . The opened tumor shows multiple mucin-filled cysts and a large amount of mucinous deposits on its cortical surface (at right). ducibility. Recently, it has been proposed that a diagnosis of mucinous carcinoma with 'expansile invasion' should be made when a complex, often labyrinthine, pattern of glands or papillae lined by malignant epithelium with minimal or no intervening stroma exceeds an area of 10 mm 2 and is at least 3 mm in each of two linear dimensions ( Figure 36) . 25, 26 Others diagnose 'confluent invasion' when involved areas are greater than 5 mm in greatest dimension. 28 The use of such size limits to distinguish extensive noninvasive carcinoma from well-differentiated invasive adenocarcinoma is, of course, arbitrary and more data are needed to test their validity. Whenever noninvasive carcinoma is encountered, additional sampling is required to exclude areas of overtly invasive carcinoma with an irregularly invasive pattern (ie, 'destructive stromal invasion,' 'infiltrative invasion') ( Figure 37 ), as it is this pattern that has the most adverse prognosis. 29 
Prognosis and Treatment
Almost all borderline mucinous tumors of intestinal type are Stage I and have an excellent prognosis following surgical treatment with reported metastatic rates of 0-3% for those without noninvasive carcinoma and 0-7% for those with noninvasive carcinoma. 25, 26, 28, 29 In one of the largest reported series of Stage I pure borderline tumors devoid of microinvasion or noninvasive carcinoma, corrected actuarial survival rates were 98% at 5 years and 96% at 10 years. 9 More than half of the tumors had been treated solely by unilateral salpingo-oophorectomy. Some of the fatal tumors were not well sampled and undetected small areas of invasive carcinoma may have been present within these large neoplasms. In more recent studies of pure borderline tumors, all were Stage I (except for a small number with pseudomyxoma peritonei that probably were not primary ovarian tumors), and none metastasized. 25, 26, 28 Tumors with noninvasive carcinoma also have a favorable prognosis, although some have metastasized or were at high stage when initially diagnosed. 9, 77, [88] [89] [90] [91] [92] Usually they are Stage I tumors, although up to 7.2% of reported cases in one literature review have been Stage II or III. 25 According to one literature review, almost 6% of 208 Stage I borderline tumors with noninvasive carcinoma recurred. 25 While inadequate sampling with undetected areas of invasive carcinoma or understaging may be explanations for some of these cases, not all examples of clinically malignant behavior of borderline tumors with or without noninvasive carcinoma can be dismissed as diagnostic or staging errors. 25, 29 None of the reported borderline tumors with stromal microinvasion or microinvasive carcinoma has metastasized, but the total number of cases is relatively small. 25, 26, 28, 29 Moreover, none of the Stage I tumors in three large studies of primary mucinous tumors specifically diagnosed as carcinoma with expansile invasion or confluent invasion metastasized, 25, 26, 28 although rare examples of tumors with expansile invasion have behaved aggressively. 92 High-stage pure borderline tumors are very uncommon, provided examples of pseudomyxoma peritonei and other metastatic nonovarian tumors are carefully excluded. Unfortunately, the literature contains numerous reports of Stage III borderlinelike ovarian mucinous tumors associated with pseudomyxoma peritonei. 20, 21, 67, 93 This has led to a falsely high prevalence of advanced-stage disease and an overestimation of the metastatic potential of borderline mucinous tumors. In the absence of pseudomyxoma peritonei, the vast majority of high-stage primary ovarian mucinous tumors contain overtly invasive carcinoma with an infiltrative pattern and almost all are fatal. 25, 26, 29 Approach to Diagnostic Terminology How should mucinous borderline tumors be diagnosed when they contain elements of stromal microinvasion or histologically malignant epithelium? Should noninvasive (intraglandular or intraepithelial) carcinoma be regarded as a form of borderline tumor or as a type of cystadenocarcinoma? While we have argued for the latter approach, 9, 29 others prefer the former. 25, 26, 28 From a pragmatic perspective, I recommend diagnosing each histologic component and providing a rough estimate of the extent of each. When invasive carcinoma is identified, its grade should be provided. Examples would include the following: borderline mucinous tumor with focal stromal microinvasion; borderline mucinous tumor with multifocal noninvasive carcinoma; and, extensively invasive well-differentiated carcinoma arising in a borderline mucinous tumor.
